SUmmARY In contrast with newly isolated cells or early primary cultures, synovial cell lines in standardised growth conditions assume a rather uniform fibroblast-like appearance. However, 2 distinct variations in the cytological pattern can be induced at this stage. The first is characterised primarily by increased numbers of small phase-dense organelles that show the distinctive fluorescence of lysosomes after supravital staining, and are interspersed with vacuoles. The associated functional changes include increased enzyme activity and decreased net synthesis of hyaluronic acid. This variation can be induced by exposure to indigestible neutral sugars, adenosine, or its 5' nucleotides. The second variation consists of a striking reorganisation of cytoplasm by condensation into dense ridges or a dendritic network of processes. It is accompanied by increased hyaluronic acid secretion and is induced by agents that enhance intracellular activity of cyclic adenosine monophosphate, such as dibutyryl cyclic adenosine monophosphate and cholera enterotoxin. It appears possible to direct differentiation in synovial cell lines to correspond at least in part with the presumed functions of the different cell types in the parent tissue. The 2 patterns may be useful markers to correlate with other aspects of synovial cell function in vitro.
Cultured synovial cell lines offer the experimental advantage of large numbers, continued availability during their diploid life span, and precise replication of test cultures, but they usually present a fibroblastlike appearance which is a serious reservation in relating their behaviour to synovial tissue in vivo.
Immediately after dispersal by trypsin the distinct cell types of the synovial intima are still recognisable (Williamson et al., 1966; Kinsella et al., 1970) : type A with macrophage-like features; type B with abundant endoplasmic reticulum suggesting synthetic functions; and type C with well developed elements of both kinds. In the transition to cell lines the macrophage-like cells of primary cultures become rare after the first few passages. Synovial cell lines secrete glycosaminoglycans and collagen (Castor and Muirden, 1964) like other fibroblasts. Yet they retain a high capacity for endocytosis of particulate and soluble materials (Clarris and Fraser, 1968; Muirden et al., 1967; Werb and Reynolds, 1974) , and their ultrastructure resembles Accepted for publication 31 July 1978 Correspondence to Dr J. R. E. Fraser, University of Melbourne Department of Medicine, Royal Melbourne Hospital Post Office, Victoria 3050, Australia.
that of the type C intima cell (Castor and Muirden, 1964) , which suggests that their functional activities may be turned in the several directions implicit in the ultrastructure of the intima.
Their microscopic appearance can change with variations in cultural conditions and with specific treatments, but the changes have not been systematically described or correlated with cell function. In controlled experiments 2 distinct patterns of morphological differentiation may be discerned. A previous report described structural changes simulating the type A cell, which followed the presumptive endocytosis of indigestible neutral sugars (Le Marshall et al., 1977) . During other studies a quite different appearance was observed on exposure to the cyclic nucleotide, dibutyryl cyclic adenosine monophosphate. This paper describes these 2 patterns of response and several means for inducing them, together with associated changes in secretory and lysosomal enzyme activity.
Materials and methods

CELL CULTURE
The establishment of synovial cell lines, replication 287 group.bmj.com on November 7, 2017 -Published by http://ard.bmj.com/ Downloaded from of experimental cultures, and estimation of cell numbers by electronic cell counter have been described elsewhere (Fraser and McCall, 1965; Clarris and Fraser, 1967 (Jacobs et al., 1970) (Le Marshall et al., 1977) . Similar effects also follow an excessive fall in pH, but it is not established whether pH as such or other metabolic changes are responsible.
Type 2 response. This highly distinctive change was observed when dbcAMP was used to stimulate hyaluronic acid synthesis, and seemed likely to reflect increased intracellular cAMP activity. A standard level of 0 4 mmol/l was adopted for comparisons, since this is the point at which hyaluronic acid secretion consistently begins to rise (Castor et al., 1974) . The changes fall into two categories.
(a) The cytoplasm first condenses into ridges ( and flattening of the intervening cytoplasm (Fig. 4 , upper panels). Depending on the intensity of the reaction, this change may affect more than two-thirds of the cells. It is quite distinct from the effect of similar stimuli on human embryonic fibroblasts (MCR5 line), which show increased cytoplasmic spreading with peripheral fimbriation but no discernible reorganisation within.
(b) In the most intense reactions the long processes of some cells become opaque and irregular, with small beaded excrescences. Jn other cells, similar processes develop by fenestration of the thinned cytoplasm in the ridged cells and condensation at the bases of the processes to give a dendritic or astrocytelike picture (Fig. 4, lower panels) . In the type 2 response phase-dense organelles are usually obscured, but with supravital staining an increase in numbers was occasionally detected (Fig. 2b) .
The specificity of the type 2 response was examined by using several dissimilar substances known to increase the activity of endogenous cAMP (Table 1) . Cholera enterotoxin (CET), which causes persistent activation of adenyl cyclase (O'Keefe and Cuatrecases, 1974) , is the most rapid and potent stimulant so far studied. The phosphodiesterase inhibitors, isobutyl methyl xanthine and theophylline, Patterns of induced variation in the morphology 291 produced weak and variable type 2 changes and were inconsistent in potentiating other agents. The hormones calcitonin and parathyroid hormone, both stimulants of hyaluronic acid secretion (Baxter et al., 1968; Severson et al., 1973) (Le Marshall et al., 1977) , is a potent stimulant of enzyme activity (Table 2) , and the only agent so far found to enhance release of active lysosomal enzyme without other evidence of cell damage.
Modest rises in enzyme activity (about 15%) occurred with dbcAMP (2 of 7 studies) and CET (2 of 6), mainly with prolonged treatment (144 h) or higher concentrations (Fig. 5) . Exposure to dbcAMP after stimulation of enzyme activity by sucrose had no further effect on intracellular enzyme levels or release.
Hyaluronic acid secretion. (Table 3 ). Cyclic AMP, adenosine, and ATP all caused significant depression of hyaluronic acid synthesis as earlier found with sucrose. The effect of cAMP was nullified by theo- phylline. Cholera enterotoxin and dbcAMP stimulated hyaluronic acid synthesis. In 14 additional studies with dbcAMP, 0 4 mmol/l, the increase in hyaluronic acid secretion ranged from 0 to 300 % (mean 65 %; median 45 %), consistent with the varied dose response curves reported by Castor et al. (1974 (Johnston and Pastan, 1972) , with the added characteristic of intense ridge formation. The type 2 (b) response resembles the internal retraction of cytoplasm seen in bone cells (Miller et al., 1976) and iris epithelial cells (Ortiz et al., 1973) , which also adopt a stellate or filigree pattern encompassing the original cell territory. In other cell types there is an aggregation of microfibrils around the microtubules after endogenous cAMP activation (Willingham and Pastan, 1975) . The response of activated synovial cells to colchicine and vinblastine suggests a similar ultrastructural rearrangement.
With the exception of carrageenin (Clarris et al., in press) and serum (Fraser and Clarris, 1978) , which have complex actions, the 2 morphological patterns appear to be associated with specific functional changes. In the type 1 response, hyaluronic acid synthesis is depressed and intracellular lysosomal enzyme activity increases, as noted earlier with sucrose activation (Le Marshall et al., 1977) . These changes sometimes occurred without discernible morphological differences, but the latter can be difficult to detect when the control cultures show a moderate complement of organelles. Work in progress has shown no evidence of extracellular degradation of hyaluronic acid, but resorption and intracellular degradation have not been excluded. The striking difference in the effects of sucrose and adenosine upon extracellular enzyme may depend on the form in which it is released (Kaplan et al., 1977; Neufeld et al., 1977) . In the type 2 response increased hyaluronic acid synthesis is the only consistent association so far defined, but concomitant changes in collagen synthesis (Castor et al., 1971a; 1971b) have not been excluded. The morphological change, which is easily detected, can occur below the threshold for increased hyaluronic acid synthesis. Conversely, structural changes may not develop Patterns of induced variation in the morphology 293 with short-lived functional responses such as those induced by hormones.
Exogenous cAMP is commonly less effective than dbcAMP, which has been attributed to poorer penetration (Henion et al., 1967) . In this study it was not simply less potent, but below 5 mmol/l any morphological effects were quite different, and hyaluronic acid synthesis was depressed. Tn some cell types it is rapidly transformed after penetration to ADP and ATP (Hsie et al., 1975; Granner et al., 1975) . In macrophages, adenosine and its 5'-nucleotides greatly stimulate pinocytosis (Cohn and Parks, 1977) , which in turn can activate the lysosomal complex. This seemed a likely explanation for the effects of cAMP and prompted the use of ATP and adenosine. The lysosomal activation seen with dbcAMP and CET may be similarly linked with a sustained elevation of intracellular cAMP. However, it was not sufficient to depress hyaluronic acid synthesis and may be irrelevant in normal circumstances.
The 2 patterns may be useful markers of other synovial cell functions in vitro. For example, the distinctive cells of the type 2 (b) response seem identical with the 'dendritic' cells observed by Werb et al. (1977) to arise spontaneously in primary rheumatoid cultures. Large amounts of collagenase were produced when those cells were most numerous. The 'dendritic' cells became extremely scarce after subculture. Collagenase activity also declines after subculture of rheumatoid cells (Dayer et al., 1976) and is difficult to detect in nonrheumatoid human synovial cell lines (Werb and Burleigh, 1974) .
It may therefore be possible to re-establish collagenase secretion in these circumstances by using the agents that have been found to induce the 'dendritic' kind of cell.
